Determining the actual lysine requirement is crucial as it is an essential amino acid and plays animportant role in the metabolism of broilers. In addition, it is the second limiting amino acid for broilers fed with rations formulated basedon corn and soybean meal. The aim of this study was to determine the digestible lysine requirement for male broilers with lower genetic potential for growth in a semiconfined system as well as to evaluate the effects of different values of digestible lysine on performance and carcass characteristics. A total of 300 broiler chickensfrom a commercial lineage EMBRAPA 041 were used with an average initial weight of 987 g. The broilers were distributed into 20 experimental units in a completely randomized design with five treatments (0.586; 0.746; 0.906; 1.066, and 1.226% digestible lysine), four replicates and 15 broilers per experimental unit.In both periods, there were linear effect of digestible lysine values on the lysine intake and lysine utilization efficiency and quadratic effect on final body weight, weight gain and feed: gain ratio.There was a quadratic effect on the absolute weight of carcasses, breast, thigh + drumstick and income gizzard.For rearing of male broilers with lesser genetic growth potential reared in semi-confinement, rations with 1.040% and 1.103% digestible lysine can be recommended for maximum weight gain in periods from 35 to 70 and 35 to 84 days of age, respectively.
INTRODUCTION
Lysine is an amino acid that is directly involved in the development of poultry. It is present in large concentrations in muscle protein (Costa et al., 2001; Lana et al., 2005) , and interferes in growth rate, feed conversion and amount and quality of meat in the carcass, improving cut yields (Bertechini, 2012) .
Therefore, lysine-poor diets can compromise productive results (Oliveira et al., 2013) .
Determining the actual lysine requirement is crucital, as it is an essential amino acid and plays important roles in the metabolism of broilers. In addition, it is the second limiting amino acid for broilers fed with rations formulated on the basis of corn and soybean meal (Waldroup; Jiang and Fritts, 2005; Faridi et al., 2013) .
When evaluating the digestible lysine requirement for conventional chickens, several authors have identified that adequate values provide greater weight gain and better feed conversion (Goulart et al., 2008; Cella, Murakami; Franco 2009; Hease et al., 2012) , higher carcass yield, higher breast yield (Amarante Junior et al., 2005) , and lower abdominal fat deposition (Trindade Neto et al., 2009) . When studying different values of digestible lysine in feed rations for slow growth chickens ISA Label, Nascimento et al. (2009) identified higher weight gain, better feed conversion and lower abdominal fat deposition, while Rosa et al. (2014) did not identify significant differences for feed conversion; however, they identified an increase in weight gain and greater weight of the carcass and breast.
There is scarce information in the literature about specific nutritional requirements for broiler chickens with less genetic potential for growth. In general, feed rations are formulated based on data established for improved broilers with high genetic potential, which may limit the efficiency of use of rations and compromise final profitability.
The objective of this study was to determine the digestible lysine requirement for male broilers with lower genetic potential for growth in a semi-confined system, as well as to evaluate the effects of different values of digestible lysine on performance and carcass characteristics.
MATERIAL AND METHODS
All procedures performed in the experiments were approved by the Ethics Committee of the Federal Rural University of Rio de Janeiro, according to the number 23083.011133/2014-48 Process.
Initially, 800 male broiler chicks (one day old) from commercial lineage "EMBRAPA 041" were housed. The chicks were vaccinated against Marek's disease and fowlpox in a hatchery, and at ten days of age, they were vaccinated against Newcastle disease, according to recommendations of the breeder. Unlimited access to feed ration and water was provided during the entire rearing period. Nutritional requirements were established in order to meet the minimum recommendations reported by the handbook for rearing of free-range broiler chickensEmbrapa 041 (Figueiredo et al., 2006) .
In the experiment were used 300 broiler chickens (average initial weight of 987 g) and obtained two phases of evaluation, 35 to 70 and 35 to 84 days of age. The chickens were distributed into 20 experimental units in a completely randomized design, with five treatments (0.586; 0.746; 0.906; 1.066 and 1.226% digestible lysine), four replicates and 15 broilers per experimental unit. The treatments were obtained by addition of L-lysine HCL (78% purity) to the basal diet, replacing corn starch (Table 1) .
The experimental unit was composed of 15 chickens housed in a 1.85 x 2.20 m individual pen, containing woodshaving beddings, a tubular feeder, a drinking fountain and a trough. The pen provided access to two10 x 10 m paddocks separated by a metal screen.
Rotation of the chickens in the paddocks was performed weekly according to the growth conditions of Bermuda grass, Tifton 85 (Cynodon nlemfuensis x C. dactylon). The chickens had free access to the paddocks during the entire experimental period.
Evaluations were made of feed ration intake, weight gain, feed conversion, lysine intake and lysine utilization efficiency (LUE), absolute weight and yields of carcass, cuts and edible offal in periods of 35 to 70 and 35 to 84 days of age.
The feed conversion of the chickens was calculated by dividing the accumulated feed intake by the weight gain in the period and adjusting the data by weighing feed ration leftovers and dead chickens whenever mortality occurred.
Lysine intake was calculated by multiplying the average feed intake by the level of digestible lysine in the feed ration. Lysine intake efficiency was calculated by dividing the average weight gain by the the average value of lysine intake. At 70 and 84 days of age, broilers were selected for slaughter provided their weight represented the average weight of the experimental unit. There were three broilers per experimental unit in the first treatment (twelve broilers per treatment) and six broilers in the second (twenty-four broilers per treatment).
The broilers were submitted to eight-hour fasting, weighed and slaughtered, bled, scalded at 54 ºC for two minutes, plucked and eviscerated. The carcasses were weighed for evaluation of hot carcass weight; then, they were packed in plastic bags and placed in a cooler for two hours. After that, they were transferred to a cold chamber at 10 ºC, where they remained for 24 hours. They were later removed for individual weighing and determination of cold carcass weight.
An evaluation was performed of absolute weights and yields of carcass, breast, wing, thigh+drumsticks, edible offal (gizzard, liver and heart), and abdominal fat.
Carcass yield was calculated on the basis of live weight after fasting and the weight of the cooled, eviscerated, headless and footless carcass. The yields of cuts, organs and edible offal were calculated on the basis of cold carcass weight.
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The results were submitted to statistical analysis using the software SAEG (System for statistical and genetic analyses) (Universidade Federal de Viçosa -UFV, 2000). The responseswere studied by regression analysis, and digestible lysine requirements were estimated, when possible, through the study of the quadratic model. Table 2 shows the effects of different values of lysine on the performance and intake of digestible lysine by male broilers in periods of 35 to 70 and 35 to 84 days of age.
RESULTS AND DISCUSSION

Effects of different lysine values on performance
The broilers fed rations with lower lysine values (0.586%) ingested 4663g of ration on average, while the broilers fed rations with the largest value of lysine (1.226%) consumed 5135 g (Ŷ = 4244.3 + 626.87x; R 2 = 0.87). This represents an increase of 472 g.
In comparison, Oliveira et al. (2013) , while evaluating digestible lysine values in low-protein diets for free-range broilers, found that an increase in the concentration of digestible lysine in the diet linearly reduced the intake of ration and protein.
By contrast, in the period between 35 to 84 days of age, feed intake was not influenced (P > 0.05) by the evaluated values of lysine. The non-significant effect of level of lysine on feed intake in this period is similar with the Rosa et al. (2014) result, who evaluated digestible lysine values for free-range male broilers between 28 to 56 days of age.
As shown by Figures 1 and 2 , the largest final live weights for 70 and 84 days of age were estimated from rations containing the values of 1.039% and 1.098% digestible lysine (respectively, of 2631 g and 3212 g). Similarly, when evaluating increasing values of digestible lysine in feeds provided to free-range broilers, Rosa et al. (2014) observed a quadratic effect for final weight, which increased up to the level of 0.909% digestible lysine in the feed ration.
The greatest weight gain for the periods from 35 to 70 (1642 g) and 35 to 84 (2222 g) days of age were estimated by the values of 1.040% and 1.103% digestible lysine in the rations, respectively (Figures 3 and 4) . Nascimento et al. (2009) tested increasing values of digestible lysine for free-range broilers, in the period from 28 to 56 days and the best response to weight gain was found with the estimated level of 1.056%. In comparison, Rosa et al. (2014) determined 0.908% of digestible lysine in rations for greater weight gain of free-range broilers in this same phase. The best feed conversion for the period from 35 to 70 (2.98) and 35 to 84 (3.28) days of age was found, respectively, for rations containing values of 0.952% and 0.985% digestible lysine, respectively (Figures 5 and 6) . Goulart et al. (2008) , in an experiment to estimate the nutritional requirements of digestible lysine for male broilers, observed a quadratic effect for feed conversion in periods of 1 to 21 and 22 to 42 days of age; the results were found in the values of 1.239% and 0.987% digestible lysine in rations, respectively.
Comparing the evaluation periods chickens showed the period from 35 to 84 days a poorer feed conversion. This can be explained by chickens of higher residence time in the system, a large amount of food intake and deposition ability to lower muscle protein.
NASCIMENTO, E. S. do et al. Nascimento (2003) reported that better feed conversions might be justified by the greater intake of lysine, which provides greater muscular growth, greater weight gain, and reduction of body fat. This effect was confirmed in the present study. Based on the increased values of digestible lysine in rations, there were better feed conversion values.
These results are in agreement with the findings of Leclercq (1998) , who reported that as lysine deficiency decreases, there is an improvement in the rates of growth and feed conversion; also, the effect of lysine on body composition may lead to a better feed conversion ratio, since the gain of fat is reduced by high values of lysine.
A linear increase was found in the ingestion of lysine from 35 to 70 and 35 to 84 days of age (Ŷ = -6.1452 + 55.181x; R 2 = 1.00 / Ŷ = 4.9635 + 78.237x; R 2 = 1.00, respectively), and there was a linear reduction in lysine utilization efficiency (Ŷ = 65.157-31.475x; R 2 = 1.00 / Ŷ= 58.574 -27.844x; R 2 = 0.99, respectively). These results corroborate those found by Barbosa et al. (2002) , who identified a reduction in lysine utilization efficiency, and the findings of Nascimento et al. (2009) , who verified an increase in digestible lysine intake as a function of increased values of lysine in feed rations. The feed intake by chickens did not vary throughthe use of growing values of lysine in the period of 35 to 84 days, which partially explain the increase in lysine intake because of the treatments.On the other hand, although the chickens have responded to the increase in the level of lysine in rations with the greatest rates of weight gain, that did not happen proportionally, what may have led to a worsening in lysine utilization efficiency. Both deficiency and excess of amino acids, particularly lysine in this case, may impair the performance of the chickens. The body weight of poultry rises as the level of lysine rises in the diet, until an optimum level is achieved; after that, there is a reduction in body weight (Ishibashi and Yonemochi, 2002) .
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Effects of different lysine values on carcass characteristics
In chickens slaughtered at 70 days of age (Table 3) 2 -10,392x + 8,0092; R 2 = 0.93) obtained quadratic effect. Lana et al. (2005) studied variations on the values in lysine in the ration of 0.88% to 1.12% for male broilers from 22 to 42 days of age also found no variation in carcass yield.
Regarding chickens slaughtered at 84 days of age (Table 4) was observed quadratic effect on the absolute weight (Ŷ = -890.07x 2 + 2049.5x + 1026.7; R 2 = 0.88) and carcass yield (Ŷ = -10,675x 2 + 22,44x + 59,599; R 2 = 0.97), with lysine values estimated at 1.057 and 0.957%. The effect observed in this study for carcass yield is according with those obtained by Nascimento et. al. (2009) working with free-range broiler chickens, with better income estimated in the amount of 0.835% digestible lysine in the ration. The average yield carcass in this study in both slaughter (70 days = 68.61% and 84 days = 70.82%) were higher than those reported by Madeira et al. (2010) at 84 days of age to three free-range lineage, Master Griss (67.95%), Label Rouge (68.99%) and Red Heavy (69.82%). The linear increase for breast yield obtained in this study in chickens slaughtered at 84 days of age are in agreement with the results of Costa et al. (2006) . However, Takahashi et al. (2006) found no significant differences in free-range chickens slaughtered at 70 and 84 days old, although there was difference in relation to these chickens from Ross lineage that got higher yield.
The increase in absolute carcass weight for chickens reared up to 84 days of age (Table 4) , can be directly related to the linear results of breast yield, explained by greater protein deposition. This effect was verified by Trindade Neto et al. (2009) , who observed greaterprotein deposition in the carcass as the values of digestible lysine are increased in rations.According to Leclercq (1998) , the breast is the muscle tissue that benefits the most from the increased values of lysine, in virtue of the quantity fibers present in this muscle. In addition, the skeletal muscle is the largest body tissue and retains the greater balance of the set of amino acids of broiler carcass, around 7.5% of all the protein of the carcass composed by lysine (Sklan and Noy, 2004) .
The results obtained with the slaughtered chickens at 70 days of age show what has been described in the literature as regards the increase in abdominal fat deposition in the carcass of broilers fed rations that are imbalanced in amino acids. This occurred both in the treatments where lysine was limited and in treatments where it was probably excessive. The estimated value of less abdominal fat in this study was estimated at 0.991% digestible lysine in the ration. 
TrindadeNeto et al. (2009) observed in their experiment that abdominal fat weight was influenced
by lysine values in the ration. They were reduced as the concentration of amino acid of that increased. The authors recommended the level of 1.01% of digestible lysine as the optimum level. Lesson, Caston and Summers (1996) explained that the lack or excess of amino acids cause metabolic imbalances that limit the growth of lean tissue, thus increasing the amount of deposited fat.
According to Velu, Baker and Scott (1971) , liver weight is used as an indicator of deficiency of protein and amino acids. Although the absolute weight of the liver have been influenced linerarly by lysine level in the diets in the two analyzed periods, there is no significant difference in yield. The deficiency of lysine had little influence on liver development and the differences between absolute liver weights are related to variations in corporal development as a whole.
CONCLUSION
For rearing of male broilers animals with lesser genetic potential for growth, reared in semi-confinement, rations with 1.040% and 1.103% digestible lysine can be recommended for maximum weight gain in periods from 35 to 70 and 35 to 84 days of age, respectively.
